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Sensor Design

| ayout of the Silicon Tracker The LHCb detector | In order to minimiz_e the material budget within the Module Length | Thickness Pitch Cetrip

The Silicon Tracker consists of two subsystems: the Trigger Inner acceptance, the th-lckness of the_ sensors sho_uld be [cm] [um] [um] [PF]

Tracker (TT) in front and the Inner Tracker (IT) behind the Trigger Tracker gs small as possible. A larger pitch of the strips re- IT3 32.4 320 198 50.6

magnet. The IT covers the region of high occupancy around THacker T, i uces the number of readout channels. The smaller Glast 6.3 410 08 413

the beam pipe, while the purpose of TT is to provide momen- . e the st_rlp v_wdth, the sma!ler IS the strip capacitance,

tum information already at the 1t level trigger stage. 1L == oL resulting in a better noise performance. CMS 28.9 500 183 37.6
A YR AL - Prototype modules with Beetle front-end chips and Properties of the tested prototype modules
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Lostior” J-p sensors of thicknesses between 320 and 500um
| fa & (see Table) were tested in a 120GeV p- beam at g z | 7 |
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A | 96cm between two readout strips (0 = center I oo Bose
J o | Y of the left neighbouring strip, 1 = right - e 1 058 osa
_ _ _ Partitioning of the TT strip). In the centre between the strips, a : T T n
The TT consists of two stations with two < 3635 52.9 < 3635 modu|le3 into readout sectors Significant drop of S/N is observed for all °'9;j:,::::., hﬁh 097 +xfézlgggqrcv 087 +¥§Zl§8&"&"
layers of silicon strip sensors each; it 1256 g i o prototypes. o [T e [T Ve
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For the TT, in order not to place the readout electronics il 1 Hit finding efficiency. as a function of the track impact position
within the acceptance, the signals of the inner readout | — T L] L= § % | between two readout strips. For the Glast and CMS modules,
sector are routed to their front-end chips via Kapton | | : 1 o ol S/N is high enough everywhere to obtain efficiencies very (_:Io_se
cables. The sectors comprise three or four sensors _ ) to 100% (above 99.8%) while for the IT3 module, a clear dip is
_ _ n . . : ;
bonded in a row. The sum of cable and strip o O 3 observed, indicating th_qt the S/N values in the middle of the
capacitances is ~ 55pF for each readout sector. | 16; sensors fall below a critical threshold. Therefore, the sensors
30 em 1 1 e . ° o o used for the TT must be at least 410um thick.
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L The Beetle Front-End Chi o GlastLadder  m CMS Ladder A IT3 Ladder The values of S/N were independent of whether they
S F : P y g - S were measured on the first, second or third sensor or
i 3000 - Is a custom development for the Silicon Tracker and other LHCD subdetectors. - e T  ensorposition | o) g transition in-between two sensors of a module.
— It is designed in radiation hard 0.25um CMOS technology and has been tested
, . for total ionizing doses of up to 40 Mrad. The chip comprises 128 channels with
= : EE a fast front-end amplifier followed by an analog pipeline with a programmable
1500 p v ﬁéitg; D latency of up to 160 sampling intervals and a differential output driver. Four
o " Labmeasurements.  © analog output ports permit to read out the multiplexed analog data of the 128 Shaping Time g OMIS ladder (Vo450 500 oM adeer 0y
o ENC =580 e+ 49 e/ pF channels within 900 ns. The shaping time was adjusted by programming the Beetle 5: N 5:2 -, e etoomy
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2 . 5 . .. ® O left neighbour -1 s | ° O left neighbour -1
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The Beetle front-end has been optimized for fast signal shaping and low fhhargtﬁ mc_luce:j onti]he ne_lghtt)(_)url_?rg]_ stlglprs] ar_nves;learhler "o — > S
noise for the large load capacitances provided by the long readout strips of an the signal on the main strip. 1his behaviour has aiso—_ i ot e 10 T
the Silicon Tracker. The noise performance of the Beetle as a function of been found in simulations. 1) WRVURINSTRRIUSSSNTEDUEUON I () ) SUUURT IS ST OSSOSO |
the load capacitance has been measured in a laboratory setup. The results delay MnsN delay MnsN

of these tests have been confirmed in the test beam using Silicon Tracker Pulseshape scans for central and neighbouring strips

prototype modules. 5 M for two different shaping times.
'E 0.35| i Remainder
.. : : ~ sl % For operation in LHCDb, it is very important, how much of the signal is
: .The Digital Optical Re.ad._OUt Link ol % % i still seen in the next bunch crossing, i.e. 25ns later. For the IT, the
_________________________________ Adront-ena hybrio GCalkying three or four Beetle chips is attached | % remainder has to be at most 30%, for the TT less than 50% of the
i oo i [osthetenaioieach siliconmoduiEsTNEINE0g O IEEI0IIE 02p % V1. VEeed00mY signal. The left plot shows that all prototype modules are compliant
from BEETLE A9 e fored Bestle ohips ars t.ransmltted ovel =il Ipng Ioyness coppes 0.1 ’ with these requirements for shaping times corresponding to
FEchip | | 2] bbon adpter cables to a service box that is located in an area of reduced S V2, Vfs=400mV _
Somcoags co | - V,, = 400mV or less.
| e I radiation dose close to the detector. o1 V1, Vis=100mV

_________________________________ 0.05 Electrical field within a fully depleted sensor.
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_____________________ In the service box, data are digitized, multiplexed and converted to o2 e e W , ' ' ' ‘
optical signals. The opticall data are transmitted tothe LHCh counting room _ detector capacitance MpfN 50 e
STe . via ~100 m long 12-fibre parallel ribboni cables. Remainder of the signal as function 100 06
tobis In the counting| reom, two ribbon cables are connected to an optical receiver of the readout strip capacitance. = 053
per L2501 carnd that carries commercial optical receivers and de-multiplexers and provides The S/IN dip =150 043
the Interface to the TELLL readout hoard. It has been shown in a simulation [LHCb Note 2003-159] that the drop & 200 035
Sketch of the digital optical of the S/N values in-between two strips above bias voltages of o
readout link 140V is not due to a ballistic deficit. Instead, charge carriers 250 .
e 1 AN L ¥ 4 (mainly holes) are trapped in the low-field region between the 0.1
A Tull' prototype link has been tested 300

strips at the surface of the silicon.
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The LHCb trigger strategy is based on three levels: The TELL1 readout board Common Mode Suppression
: inali : : : For silicon detectors the algorithm implemented in the PP-
LO: fully synchronous and pipelined fixed latency of 4 ns : L1 zero suppression and preprocessing _ : _
(max LO accept rate: 1.11 MHz): The TELL1 is an FPGA based board made to readout the . | FPGAs will perform a linear common mode correction:
| | | data accepted by the LO trigger (see leit column) and output ® Pedestal subtraction, faulty channel masking, Noise in channeli Y, =a+ b
L1: software trigger with maximal latency of 52.4 ms them, aiter some processing, to L1 and HLT. To cope with common mode suppression (see right column),
(max L1 accept rate: 40 KHz); two dlffergnt Ilnk systems used, either 24 x 1.6 Gbit/s high hit detection, cluster encoding and encapsulation r s B S
: : : . speed optical links (ST, Outer Tracker, Muon, HCAL, ECAL) (PP-FPGAS) el -
HLT (High Level Trigger): software trigger : : o b STTIP values |y A SiP values _
(HLT output rate: 200 Hz) or 64 x analog copper links (VELO, VETO) are accepted as . 5 :
' ' input. After synchronisation, event identification and error L1 buffering ¢ L & A
Detectors checking.the. dataflpw Is split. For the L1 data path, zero ® 58254 events stored in DDR SDRAM (96MB). L _ T - _
suppression is applied and processed data are sent to the L1 _ S e 24 s Swp# 46 24 328uip#
Event data LO data PC farm. For the HLT data path, raw data are stored in the ® The DDRs are operated at 120MHz, to obtain
T ' (Calorimeters, L1 buffer and, if the event is accepted, zero suppressed and a write bandwidth of 11.5 Gbit/s. 128 128
ngi&ursc °C—> LO electronics |-Muon, Pile-up)} | o Trigger sent to HLT. The interface to the L1 and HLT event building HLT zero suppression
. network is provided by four Gigabit Ethernet links. _ _ ) First slope correction d) Hit detection with rms
Evert data | LO decision ® Once a L1 accept is received, the wii o hstip values
L1 data = 5 BT BT corresponding event is read from the L1 buffer, bt VTS @
Secondary 7 e (VELO,TT) T4 Trigger N B N — Zero su_ppressed, and linked to be sent to HLT .
vertices < ; -RxCard P-Rxcard! O-RxCard (SynCLInk-FPGA) 1. : 24 2 G e Sels Satter Sl =
L1 decision ‘ : | . : ° 32 strip # : Strip #
) T R | - Timing and control interfaces 8 6 24 32
Event data| oo ] ) ) o _ 128 -128
EEITUE __ AR | sl | Akl At ® Timing and fast control are provided by an T T |
B events 10 VS S | 1 optical fiber transmission system (TTC). €) e ” Second slgps earradiion
L1B L1B L1B L1B
) A Strip val A Strip val
TELL1 Wil W W WO ® Slow control interface common to the LHCb o7 270
] - i ¢ L - SyncLink-FPGA ' experiment (ECS) used for configuration, control Cetected hit set to zerG> _
Optical-Rx A ! and monitoring of the on-board chips. R DR _ LN _
5 - o T T e e et Srip# ' T et stip#
Pre- LEEED2 N Efs " Event building network 8 16 24 32 8 16 24 32
-- ..Mean value
processori] res Grre fJur i o anova ® IP over Gigabit Ethernet. 128 128 | . .
PP-FPGAR ‘ECS Y rorette ¥ ) Hit detection with threshold E) Srt]r:cE) \ﬁlue‘;t—? signed 8 bl; :)n-t’
SvneLink Z s ® Several events are packed into one MEP o Eivalues 03 firt ﬁnegr()reg;rlgszi(r)nneiano |
prépl\ i v & - Surelidians (I\/Iulti Event Packet), allowing moderate packet 127 d) channels outside the rms are
- 3 §l — e - —_— tagged and zeroed;
S prae= i i - rates of 40 to 50 KHz. .- e) second linear regression;
L1 Buffer . An FPGA readout board has been developed and will be used by the e B f hits hidden by fluctuations
majority of LHCb detectors. Two boards have already been produced ® The number of events per MEP can be (s T — during first iteration are
and are currently under test. Most of the needed firmware has already adjusted for optimal packet size (1 Ethernet 3 2 ) revealed:
been written and tested with previous prototypes of TELL1. frame per MEP). 128
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